INTRODUCTION
Like all pharmaceutical companies, Wyeth Research collects analytical data for synthetic compounds prepared as possible new drug entities. In our workflow, samples of all synthetic compounds prepared are submitted to the Discovery Analytical Chemistry (DAC) group at Wyeth for validation before that potential new drug entity can be registered in the corporate compound library. The DAC group is responsible for collecting and interpreting all analytical data, reporting the results to the medicinal chemist, and subsequently recording them in a relational database. These assays can include NMR, MS, analytical HPLC, and others deemed necessary to validate the proposed molecular structure. To simplify our workflow, we have designed and implemented a computer application that allows the medicinal chemist to submit NMR data acquired in hands-on mode to the DAC group instead of a vial of dry material. This program, called CHECKIN, associates a hands-on NMR spectrum with a request for analytical services at the time vials of sample for other requested assays are brought to the analytical laboratory by the medicinal chemist. The CHECKIN program also prepares work lists that help manage the analytical laboratory workflow.
Wyeth Research business rules require that a member of the DAC group evaluate all the Keywords: NMR spectroscopy, automation, TCL/TK, human interface, workflow/process management analytical data for each new compound that is entered into our corporate library. Requests for this work and the subsequent results are stored in our analytical database called the Chemical and Analytical Tracking System (CATS). The requirement for DAC to validate all analytical data led to the practice that samples of all new potential drug entities be submitted for NMR analysis as dry powders, and the DAC group would then prepare, run, interpret, and record the data. This workflow duplicated several steps already performed by the medicinal chemist and thus consumed valuable synthetic compound and human resources needlessly. One obvious solution to save resources might have been to eliminate the need for DAC to examine all the data. This, however, was deemed unacceptable by Wyeth Research management. A second obvious solution might have been to modify our NMR instruments to collect data on a smallersized sample. Recent advances in capillary scale NMR 1 and other types of small-volume NMR probes 2 are readily available; however, these options were too expensive to deploy, and so another solution was necessary.
The conflicting goals of decreasing the amount of synthetic material used for analytical assays and maintaining our existing business rules drove us to look for ways to optimize our workflow. We still wanted a second set of eyes to examine all the NMR data submitted for compound validation, but we decided to modify our workflow so we made use of hands-on NMR data that the medicinal chemists at Wyeth were already collecting, rather than preparing a new NMR sample from dry powder. We decided to use automated procedures to move these NMR data sets into the validation workflow at the time vials of dry material were submitted for other assays.
For several years, we have been developing custom software to automate our workflow for the entry of results into the CATS database. This software led to dramatic time savings for the DAC group. Using these existing tools as a starting point, we created a computer kiosk where medicinal chemists could, by scanning the barcode printed on their request sheet, perform several labor saving steps at once. These include indicating in the CATS database that a sample has been deposited at the DAC laboratory, submitting openaccess NMR data for DAC analysis and creating laboratory work lists based on the assays requested. All these steps save human resources and synthetic material.
In this report, we describe our efforts to create the CHECKIN software application and how it is used in daily operation.
PROGRAM REQUIREMENTS
The Tool Command Language/Tool Kit (TCL/TK) 3 scripting language was chosen for coding the CHECKIN application. TCL/TK has been used for a variety of purposes, including rapid prototyping, as a graphical framework for nongraphical computer programs, and for standalone applications. 4 TCL/TK code runs offshore oil platforms and the NBC broadcasting studios. 4 TCL/TK is an open-source language that will run on all the common computer platforms, making it simple to build an application that will run under both Unix and Windows operating environments. Graphical user interfaces (GUIs) are built up from predefined widgets such as buttons and entry boxes that are positioned in frames. TCL/TK code is collected into procedures that can be controlled through the GUI. TCL/TK handles string data very well, but is quite poor in the way it handles strictly numerical data.
We have also used the TCL/TK extension OraTcl, 5 which allows TCL/TK applications to communicate with Oraclebased relational databases. The Wyeth Princeton DAC group has many other applications written in TCL/TK and OraTcl using the UNIX operating environment. 6 We decided to continue to use the Unix environment for this application because our NMR spectrometers are Unix based, and we had several spare Unix computers available to use. The TCL/TK language is also available for PCs, so a comparable Windows solution is certainly possible. We wanted the CHECKIN application to perform three main tasks.
1. Sample Submission Notification. The CATS database includes a record of when the analytical sample was submitted to the DAC laboratory for testing. In the past, the DAC analyst performed this sample submission task using a custom CATS data entry application. Using the CHECKIN application, the sample submission notification step should be combined with the sample drop off step to eliminate this step from the DAC workflow. 2. Create Work Lists. For each CATS request, separate request sheets are created in three broad categories: spectroscopy, mass spectrometry, and chromatography. The spectroscopy request sheet in particular contains many unrelated assays that are performed by different analysts.
In the past, the original CATS request sheet was photocopied and distributed to the relevant analysts. The CHECKIN application should create work lists for these assays, eliminating the need to photocopy the request sheets and further simplifying the laboratory's workflow. 3. Submit hands-on NMR data to validation workflow. The most challenging function we wanted to incorporate into the CHECKIN application was the ability to direct hands-on NMR spectra, previously obtained by the chemist, into the NMR group's workflow for validation. Accomplishing this task would produce significant savings in time, synthetic material, and the cost associated with solvents, NMR tubes, and waste disposal. The CHECKIN application should be able to examine the text file of both Bruker (Billerica, MA) and Varian (Palo Alto, CA) NMR data sets and extract the sample's notebook information. The notebook information should then be compared to the notebook information associated with the CATS request being processed. NMR data sets with matching information should be displayed on the screen so that the medicinal chemist can select the appropriate spectrum to submit into the NMR workflow. These data sets have come to be called eNMR data sets.
PROGRAM DESCRIPTION
Considering the various design requirements, it seemed reasonable that the CHECKIN program could be created in four separate parts: 1) GUI, 2) sample submission notification, 3) compiling work lists, and 4) eNMR processing. Each of these parts could be written, tested, and debugged in turn, adding the new functionality to the previous created part or parts. Figure 1 shows a block diagram of the CHECKIN program. Figure 2 summarizes the overall workflow.
GUI Description
The GUI was created to be as simple as possible with minimal activity required by the medicinal chemist to successfully complete the sample submission notification and eNMR functions. The work lists are generated without direct user input. The GUI consists of a single entry box where the analytical request number is entered. Attaching a barcode reader to the serial port of the UNIX computer running the application simplified the design of the GUI. The barcode reader is configured to write the request number into the entry box and then activate the sample submission function. After a successful CATS submission notification, CHECKIN displays the number of sample vials that should be left at the sample kiosk based on the assays requested. Any error messages generated by CHECKIN appear at the bottom of the frame. The GUI entry box is also configured to accept keystrokes that will enable and disable screen-locking functions that would fix the application on the top level of the UNIX equivalent of the desktop. The underlying UNIX environment could then be isolated from the user, protecting the operating system from casual meddling. Figure 3 shows the GUI screen. 
Sample Submission
Once the GUI entry box has accepted a request number, that number is sent to the CATS database by calling an application program interface (API) to indicate that the sample has been submitted for analysis. Only the request number is needed to trigger the status change. After a successful submission API call, a unique reference number is returned to the CHECKIN application from the CATS database. This reference number is then displayed on the GUI as a visual indication that the sample submission notification step has been successful.
Creating Work Lists
In addition to the reference number, the application requests from the CATS database a list of the assays the submitter selected for that request. From this list, CHECKIN determines how many vials of the submitted compound are required; this number is displayed on the screen. The requested spectroscopy assays are examined and information about any assays that have been designated to make work lists are stored in a file on the local disk drive. The analyst can print out the contents of each work list, and once printed, the contents of the file are deleted. The work lists The user initiates the process by either typing a request number into the graphical user interface (GUI) or scanning a barcode of that number into the GUI. The workflow for NMR data from Varian spectrometers is illustrated. For Bruker NMR data, the process NMR data step is eliminated because plot files are prepared when the data are collected.
contain all the information from the CATS request sheet needed to complete that particular assay. To facilitate data entry into the CATS database, the sample request number is printed as a barcode for each assay on the work list.
NMR Data Submission
This protocol was originally developed using NMR data collected on Varian spectrometer systems. Once the protocol successfully worked for Varian data, we extended it to work with Bruker NMR data. The description that follows explains the workflow for both vendors. The name for all data set directories must begin with the medicinal chemist's e-mail username. This was implemented on Varian spectrometers using a custom open-access interface, WWNMR. 6 On Bruker spectrometers, each user is defined such that Bruker's ICON-NMR program names the files this way. The e-mail username is used to make a first cut of the open-access data directories that can contain over a 1000 files on any given day. Because these top-level names are just directory names, the files inside the directory must be examined to obtain information about the sample. Inside the text file, there must be a recognizable notebook entry. The standard Wyeth format consists of a book number, page number, and an optional three-character qualifier, each separated by a dash. After the sample submission notification step is complete, the submitter's e-mail address and the notebook number associated with the request are queried from a corporate telephone table and the CATS database, respectively. Using this information, a list of data sets from that submitter is created and the NMR data text file of each one is searched for matches to the request notebook number. There is some leeway in how exact this search can be, but most implementations use an exact match search. Most of the time there should only be one match returned from the search, and this information is displayed on the screen. If there are no matches, the application displays the unique serial number and resets itself for the next sample. If there are multiple matches, then a scroll bar is incorporated into the spectrum match display window to handle the length of the display. The medicinal chemist can then select the spectrum to associate with the request, or submit a dry sample or NMR tube for analysis (see Fig. 4 ).
If the data selected comes from a Varian spectrometer, a background-processing job is spawned that uses the same custom Varian Magical data processing macros, used to process data under automation by the NMR group. Magical is a sophisticated macro command language used to control Varian NMR spectrometers. These data processing macros produce a postscript plot file and an identical PDF file containing a standard set of spectral expansions and a line listing. The plot file is used by our custom processing software for spectral display and eventual archiving after the data have been evaluated. A copy of the plot is printed to the same printer to which DAC acquired data are printed and the electronic data are copied into the validation process input directory.
For Bruker data, the postscript and PDF files are created immediately after the data are acquired. This eliminates the need to run the Varian macros in background after the data set has been selected. A directory is created using the same format as the Varian data sets, containing the postscript Figure 3 . Screen shot of the front page of the CHECKIN graphical user interface. The request number can be typed in from the keyboard or scanned by a barcode reader. and PDF files, and several text files that contain the corresponding data found in a Varian data set. The Bruker data file is also written to this directory. The CHECKIN program then obtains all the information needed from vendor's data sets using the same procedures.
CONCLUSION
The CHECKIN application has been in use at three Wyeth sites for almost one year. During this time, over 9000 NMR spectra were submitted for validation by the application. This represents 70% of the total NMR spectra analyzed at the three sites. Two of these Wyeth sites use the CHECKIN program exclusively to submit NMR spectra for the validation process. The savings of synthetic material is estimated at 2 mg for each eNMR spectrum submitted. Although this application and approach may not work for every pharmaceutical company, we hope to illustrate how automation can be used to improve analytical workflow.
